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Objective: To study the mechanisms of antibiotic resistance in Salmonella typhi and Salmor;lel/a paratyphi B clinical 
isolates, and the clonality of resistant strains. 
Methods: Antibiotic susceptibility was tested by disk-agar diffusion. Conjugation experiments .and plasmid analysis by 
agarose gel electrophoresis after EcoRl digestion were followed by hybridization to  a digoxigenin-labeled TEM-type p- 
lactamase probe. DNA fingerprints were obtained by pulsed-field gel electrophoresis of Xbal-digested chromosomal 
DNA. 
Results: Three S. typhi isolates (7% of the isolates studied), of which one was ampicillin resistant and the other two 
multiresistant (ampicillin, chloramphenicol, tetracycline, sulfamethoxazole/trimethoprim and streptomycin), and two 
ampicillin-resistant S. paratyphi B isolates (25% of the isolates studied) were further evaluated. A 34-MDa conjugative 
plasmid, previously isolated from Salmonella enteritidis, conferred ampicillin resistance. A 100-MDa conjugative 
plasmid encoded resistance to  chloramphenicol, tetracycline and sulfamethoxazole/trimethoprim, as well as ampicillin. 
Chromosomal fingerprinting revealed two distinct resistant strains for each serovar which were different from a matched 
set of sensitive S. typhi strains. 
Conclusions: Two conjugative, TEM-type P-lactamase-encoding plasmids conferred ampicillin resistance to  S. typhi 
and S. paratyphi B. The 34-MDa plasmid was identical to that previously characterized from S. enteritidis, while the 100- 
MDa plasmid also encoded resistance to  chloramphenicol, tetracycline and sulfamethoxazole/trimethoprim. Resistant 
isolates did not belong to  a single clone but rather represented distinct strains. 
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INTRODUCTION 
Typhoid and typhoid-like enteric fever caused by 
Salrnonella typlzi and Salmonella paratyplri [1,2] remains 
an important public-health problem in many parts of 
the world. Large outbreaks frequently involve develop- 
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ing regions, but epidemics haw also been reported in 
recent years from developed countries [3]. 
In a recent study from Athens [4], ampicillin 
resistance in the non-typhoid Salmonella enteritidis was 
shown to result from the spread of a limited number of 
clones of phage type 6a (PT6a) carrying closely related 
34-MDa R plasmids. 
The transfer and exchange of genetic material 
among the Enterobacteriaceae has been suspected for 
some time [5,6] and, interestingly, pie-antibiotic era 
salmonellae contain conjugative plasmids of the same 
incompatibility groups as current enterobacterial 
plasmids [7]. The role ofplasmids in the propagation of 
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genetic determinants must therefore be significant. 
Indeed, extrachromosomal genetic elements in sal- 
monellae are iricreasingly being reported to include 
plasmids of various sizes [8] .  
In the present study, we report the molecular 
investigation of resistance in sporadic clinical isolates of 
S. typhi and S. paratyphi B from Greece, a country that 
has not been surveyed before for these specific 
pathogens. Resistance to ampicillin was mediated by 
two TEM-type P-lactanme-encoding plasmids of 34 
and 100 MDa. The latter also encoded resistance to 
chloramphenicol, tetracycline and sulfamethoxazole/ 
trimethoprim. There was no correlation between chro- 
mosomal background and plasmid carriage. Indeed, we 
observed different strains carrying the same plasmid, as 
well as strains with indistinguishable chromosomal 
DNA digestion patterns carrying different plasmids. 
Furthermore, the 34-MDa R plasmid found in serovars 
S. typhi and S. paratyphi B, was identical to the 34-MDa 
plasmid originally isolated from 5'. enteritidis PT6a. 
MATERIALS AND METHODS 
Bacterial strains 
Thirty-four S. typhi and eight S. paratyphi B (serotype 
1 ,4[4 ,  12:b:[1,2]) clinical isolates referred to the 
National Salmonella Identification Center during a 
3-year period (1990-1992) were examined. Strains 
from all over Greece are referred to the Center and so 
this collection can be regarded as representative. 
Escherichia coli K12 strain 20R764 ( R i p )  was used as 
recipient in conjugation experiments. S.  enteritidis 
strains carrying two plasmids (38 and 34 MDa), or three 
plasmids (100, 38 and 24 MDa), were clinical isolates 
described previously [4]. Plasmids of 98, 42, 23.9 and 
4.6 MDa, isolated from E. coli 39R861, were used as 
plasmid size markers. 
Susceptibility testing 
Bacteria were tested for resistance to ampicillin and 
other antimicrobial agents by a disk-agar diffusion assay 
on Mueller-Hinton agar (Oxoid Ltd, Basingstoke, UK) 
according to the recommendations of the National 
Committee for Clinical Laboratory Standards [9]. 
Antibiotic disks (ampicillin, streptomycin, chloram- 
phenicol, tetracycline and sulfamethoxazole/trimetho- 
prim) were purchased from Oxoid. 
Transfer of resistance 
Conjugation experiments were carried out in broth as 
previously described [4]. Ems-conjugants were selected 
on MacConkey agar containing ampicillin (10 pg/mL) 
and/or streptomycin (500 pg/mL) and rifampin (90 
pg/mL). Previously described S. enteritidir strains were 
used as positive control markers for the conjugative 
transfer of antibiotic resistance [4]. 
Plasmid DNA analysis 
Plasmid DNA was extracted by an alkaline lysis 
procedure described by Takahashi and Nagano [lo]. 
The isolated DNA was analyzed on 0.8% agarose gels, 
stained with ethidium bromide and documented under 
UV illumination by the BIO-PROFIL (Vilber 
Lourmat, Marne-la-Vallie, France) imaging analysis 
system. The plasmid DNA from the trans-conjugants 
was digested with EcoRI restriction endonuclease 
(Boehringer Mannheim Biochemicals, Germany) and 
further analyzed as above. 
Hybridization experiments 
The 296-bp HincII/PstI fragment of plasmid pBR322 
was used as the TEM-type P-lactamase probe [ l l ] .  
DNA:DNA hybridizations were performed with a 
digoxigenin DNA labeling and detection kit (Boeh- 
ringer Mannheim) under high-stringency condtions as 
previously described (121. 
Pulsed-field gel electrophoresis (PFGE) 
A modification of a protocol kindly provided by 
Richard V. Goering (Department of Molecular 
Microbiology and Immunology, Creighton University 
School of Medicine, Omaha, Nebraska, USA) was 
followed. Briefly, 600 pL of an overnight bacterial 
culture in nutrient broth was harvested and washed 
once in TEN buffer (0.1 M Tris-HC1, 0.15 M NaCl, 
0.1 M EDTA, pH 7.5). The cells were resuspended 
in 300 pL of filter-sterilized EC buffer (6 mM Tris- 
HC1, 1 M  NaC1, 100mM EDTA, 0.5% Brij 58 
(Sigma P5884), 0.2% sodium deoxycholate, 0.5% N- 
lauroylsarcosine, p H  7.5), to which 20 pL of lysozyme 
(25 mg/mL) and 300 pL of 2% agarose in EC buffer 
were added. Two 100-pL agarose plugs from each strain 
were formed in plastic molds (BioRad) and incubated 
in 500 pL of EC buffer at 37°C for 1 h. They were 
rinsed with 1 mL of 0.5 M EDTA, pH 9.0, and then 
incubated in 500 pL of filter-sterilized ESP buffer 
(0.5 M EDTA, pH 9.0, 1% N-lauroylsarcosine) con- 
taining 5 pg of proteinase K, overnight at 55°C. They 
were washed 6X30min with 850 pL of TE buffer 
(10 mM Tris-HC1, 1 mM EDTA, pH 7.6), and one 
plug for each strain was incubated with 40 u XbaI (New 
England Biolabs) in a total reaction volume of 125 pL, 
overnight at 37OC, while the second plug was stored in 
TE at 4OC. After digestion, the plugs were equilibrated 
in X0.5 TBE buffer (45 mM Tris-borate, 1 mM 
EDTA) and electrophoresed through a 1% agarose gel 
inX0.5 TBE, which had been pre-run for 1 h, using a 
CHEF DRIII apparatus (BioRad). The gel was run at 
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14"C, 6 V/cm, 120' switch angle, for 4 h using a linear 
switch time ramp of 25-65 s, followed by 14 h using a 
linear switch time ramp of 5-24 s. It was then stained 
in 5 pg/niL ethidium bromide and photographed 
(Polaroid) under UV illumination. Lambda phage 
DNA concatamers (New England Biolabs) were used 
as DNA size markers. The isolates' chromosomal 
fingerprints were compared by eye and assigned to 
PFGE types and subtypes, according to published 
guidelines [13]. 
RESULTS 
Of  the 42 Salmonella clinical isolates (34 S. typhi and 
eight S. pa~atyphi') examined, three S. typhi (7%) and 
two S. paratyphi B (25%) were found to be resistant to 
ampicillin. 
Two of the three ampicillin-resistant S. typlzi 
isolates were multiresistant, in that they also displayed 
resistance to chloraniphenicol, tetracycline, and the 
combination of sulfaniethoxazole with trimethoprim 
(Table 1). All the strains examined were susceptible to 
quinolones. 
Plasmid analysis revealed that both S.  pavutyphi 
strains, one ampicillin-resistant S. typhi strain (2372) 
and one S. typhi isolate with multiple resistance (2382) 
harbored a 34-MDa plasmid, whereas the multiply- 
resistant S. typhi strain 2390 harbored a 100-MDa 
plasmid (Table 1). 
Resistance to ampicillin W.IS easily transferred at 
high frequency to E.  coli receptor cells. It  was associated 
with the 34-MDa plasmid in four strains (the two S. 
paratypki and the 2372 and 238'2 S. typhi strains) and 
with the 100-MDa plasmid in the 2390 S. typhi strain. 
The latter plasmid could also transfer resistance to 
chloraniphenicol, tetracycline and sulfamethoxazole/ 
trimethoprim. Interestingly, resistance to chloram- 
phenicol, streptomycin, tetracycline and sulfamethoxa- 
zole/triinethoprim could not be transferred with the 
34-MDa plasmid of S. typhi 2382. 
Table 1 Plasmid analysis, resistance phenotypes and PFGE types of S. typhi and S. parutyphi B isolates, and the corresponding 
trans-conjugants 
Clinical isolates Ems-conjugants 
Sample Origin Resistance Plasmid PFGE Resistance 
phenotype (MU4 TYPe phenotype 
Resistant strains 
(1 992) 
S. fyphi 2372 Faeces Athens Anip 34 E! 1 Amp 
S. typhi 2382 Blood Crete Amp, Chl, Tet, 34 ,4 Amp 
(1991) Sxt, Str 
(1991) Sxt, Str Sxt 
S. typhi 2390 Blood Chalkida Amp, Chl, Tet, 100 .4 Amp, Chl, Tct, 
S. paratyphi 2376 Blood Athens Amp 34 F Ainp 
S. paratyphi 2408 Faeces Thessaloniki Amp 34 1; Ainp 
(1992) 
(1990) 
Susceptible strains 
- <: 1 S. typhi 2397 Faeces Athens - - 
S. typhi 2392 Faeces Athens - - I) 1 - 
S. typhi 2380 Faeces Athens - c 2  - 
S. typhi 2391 Faeces Thessaloniki - - 112 - 
S. typhi 2370 Faeces Athens - - 
S. typhi 2367 Faeces Crete (: 1 - 
(1990) 
(1991) 
(1991) 
(1991) 
(1 992) 
(1992) 
(1990) 
(1991) 
(1992) 
- 
- E 
- - 
- <: 1 - - S. typhi 2401 Blood Athens 
S. typhi 2377 Blood Athens B2 - 
S. typhi 2373 Blood Athens (:3 - 
- - 
- - 
Amp: ampicillin; Chl: chloramphenicol; Tet: tetracycline; Sxt: sulfamethoxazole/trimrthoprim; Str: streptomycin 
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Plasmid fingerprinting revealed that the 34-MDa 
conjugative R plasmids from all strains were identical, 
regardless of serovar (Figure 1). The fragmentation 
pattern of the 100-MDa R plasmid was different. 
However, at least three common fragments (c. 10.9, 8.5 
and 6.6MDa) between the 100- and the 34-MDa 
plasmids were evident (Figure 1). All 34-MDa plasmids 
of the trans-conjugants yielded a 6.6-MDa DNA 
fragment which hybridized to the TEM-type p- 
lactamase probe. A positive signal was also obtained 
with the 100-MDa plasmid, but on a 15-MDa DNA 
fragment instead (data not shown). 
The similarity of restriction and hybridization 
patterns between the 34-MDa plasmids of S. typhi and 
S. paratyphi and that of S. enteritidis was remarkable 
(Figure 1: compare lanes 2 and 3-6). O n  the other 
hand, the 100-MDa plasmids of S. typhi 2390 and S. 
enteritidis were clearly different, with respect to both 
EcoRI digestion patterns (Figure 1: compare lanes 7 and 
8) and to the DNA fragments hybridizing to the TEM- 
1 probe (data not shown). 
Comparison of chromosomal fingerprints revealed 
that the two S. paratyphi isolates were distinct strains 
with respect to their chromosomal fingerprints (Figure 
2: lanes 5-6), whereas S. typhi 2382 and 2390 were 
indistinguishable. S. typhi 2372 was distinct. (Figure 2: 
lanes 2, 3 and 4). 
Eight out of nine S. typhi sensitive strains tested 
were genetically unrelated to the resistant ones (Figure 
2: compare lanes 7-13 and 15 to lanes 2-4). One, 2377, 
was possibly related to resistant strain 2372 (Figure 2: 
compare lane 14 to lane 4). However, the dominant 
sensitive genotype, C (5/9 strains), was not observed in 
any of the resistant strains. 
Strain: 
Plasmid/MDa: 34 100 
23 - 
9 -  
6.5 - 
4.4 - 
2.3 - 
2- 
Lane: 1 2 3 4 5  6 7 8  9 
Figure 1 EcoRI restriction enzyme lgests of the ampicillin-resistant trans-conjugants. The sizes in kb of h-phage DNA 
fragments resulting from Hind 111 digestion are shown to the left of the gel. SeI: trans-conjugant of the S. enteritidis carrying 
the 34-MDa plasmid (4). SeV trans-conjugant of the S. enteritidis currying the 100-MDa plasmid (4). Sp=S. pauatyphi, 
St=S. typhi (this study). 
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AMP: R S 
- 1  
Serotype: st s p  St 
PFGE type: 
436.5 
388.0 
339.5 
291.0 
242.5 
194.0 
145.5 
97.0 
48.5 
Lane: 
Figure 2 Genotypic diversity of ampicillin-resistant and -sensitive strains. PFGE chromosomal fingerprints (PFGE type) of 
ampicillin (AMP)-resktant (R) and -sensitive (S). S. typhi (St) and S. paratyphi B (Sp) strains. Sizes, in kb, of h-phage 
concatamers are indicated to the left of the gel. 
DISCUSSION 
Typhoid fever is strictly a huinan disease. It is associated 
with major complications and a potentially fatal 
outcome. Also, it is of interest that 10-20% of patients 
with typhoid fever suffer a clinical relapse within the 
first several months after their original illness 114,151. 
Ampicillin, chlorainphenicol and co-trimoxazole 
remain the drugs of choice for the treatment of typhoid 
and paratyphoid fever. However, resistance to these 
drugs, especially in developing countries, has been 
described for the past 30 years 116,171. An increased 
frequency of isolation of multiply-resistant S.  typhi 
strains refers to infections acquired in Pakistan or India 
118-201. This phenomenon could be due to the 
dissemination of a resistant clone, as has been observed 
in Mexico, Peru [21,22] and other countries [16,23]. 
The complete spectrum of resistance of S. typlii 
except for streptomycin (ampicillin, chloramphenicol, 
tetracycline, sulfaniethoxazole/trimethoprini) was 
encoded by a plasmid of 100 MDa, which was different 
from the 100-MDa plasmid fixmd in S.  enteritidis, 
though they both hybridized with a TEM-type p- 
lactamase probe. It  would be interesting to see if these 
plasmids are related to the 120-MDa or 98-MDa 
plasnlids isolated in other countries [19,20,23,24]. 
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The genetic relatedness of the 34-MDa plasmids of 
S. typhi and S. paratyphi to that of S. enteritidis found in 
our study in terms of identical restriction fragment 
profiles following EcoRI digestion and hybridization 
with the TEM-type probe demonstrates the wide 
distribution of these plasmids in Salmonella spp. in our 
geographic area. Nevertheless, their area of origin is 
unknown. 
O n  the other hand, the inability of the 
multiresistant S. typhi strain 2382 to transfer resistance 
may mean that the resistance genes for chloram- 
phenicol, tetracycline and sulfamethoxazole/trimetho- 
prim, though previously plasmid mediated, had 
subsequently become chromosomally integrated in that 
strain, following transposition events, a phenomenon 
which has been described in other cases [25]. However, 
the possibility that the mentioned genes would be 
located in difficult-to-transfer megaplasmids (larger 
than 160 MDa) cannot be excluded. 
The fact that S. typhi is a strictly human pathogen, 
but can share the same R plasmids as S. enteritidis, 
which must have originated from an animal source, 
raises the possibility that ampicillin resistance in both 
cases might have been acquired during human coloniz- 
ation, through contact with a bacterium functioning as 
a plasmid donor. The most numerous coliform bacillus 
in human isolates, E. coli, would be a good candidate 
for this. We have already shown that E. coli of the 
normal human faecal flora can harbor the same 34- 
MDa R plasmid as S. enteritidis simultaneously isolated 
from the same sample [26]. This is consistent with the 
hypothesis of in vivo transfer of resistance genes among 
Salmonella spp. and normal flora E. coli, and, con- 
sequently, of the possible role of normal flora as a 
reservoir of resistance genes. The suggestion that the 
E. coli 34-MDa plasmids actually originated from S. 
enteritidis is strengthened by unpublished results of our 
laboratories based on a survey of faecal flora of 215 
children in Greece. A great diversity of TEM-type p- 
lactamase-encoding plasmids was found, but the 34- 
MDa plasmid was not included among them, suggest- 
ing that this plasmid can only be acquired by close 
proximity to Salmonella. Conversely, 39 ampicillin- 
resistant S. enteritidis strains have revealed a very high 
incidence of 34-MDa plasmid carriage. 
Previous studies had suggested that, with few 
exceptions, S. typhi strains represent a single clone that 
has shown minimal divergence during its spread to 
different parts of the world [27-291. In order to 
determine whether S. typhi resistance in our study was 
clonal, we typed the isolates by PFGE, proven to be 
useful for epidemiologic purposes [30,31]. We also 
compared the chromosomal fingerprints of the 
ampicillin-resistant S. typhi isolates with those of nine 
sensitive isolates, as closely matched with respect to 
geographic origin, year and sample of isolation as 
possible, but sensitive to all antibiotics, including 
ampicillin, so as to obtain an indication of whether 
specific strains within this serovar were more likely than 
others to become resistant through the acquisition of R 
genetic determinants. 
Our  results demonstrated that the two multi- 
resistant S. typlzi isolates were indistinguishable in terms 
of their chromosomal fingerprints, despite the fact that 
they harbored different plasmids. However, they were 
genetically unrelated to the third ampicillin-resistant S. 
typhi strain. Similarly, the two S. paratyphi B strains had 
distinct genotypes. It is interesting, therefore, that 
representatives of the same strain, such as 2382 and 
2390, may harbor distinct plasmids, while represent- 
atives of distinct strains, such as 2372 and 2382, may 
contain the same plasmid. This confirms the wide host 
range of the 34-MDa plasmid, already proven by its 
presence in three different Salmonella serovars. How- 
ever, the observation that eight out of nine sensitive 
S. typhi strains displayed DNA fingerprints not related 
to those of the resistant ones raises the intriguing possi- 
bility that some restrictions may apply to the ability of 
this R plasmid to confer resistance on sensitive strains. 
Alternatively, the sensitive strains tested may simply 
never have been exposed to a resistance plasmid donor 
cell. In any case, our results were in agreement with 
recent molecular data supporting the view that there 
exists considerable genetic diversity within S. typhi 
[30,31]. 
In conclusion, we have characterized two conjug- 
ative plasmids which can confer TEM-type p- 
lactamase-mediated ampicillin resistance to genotypic- 
ally distinct strains within both the S. typhi and 
S. puratyphi B serovars. The 100-MDa plasmid also 
carries resistance determinants for chloramphenicol, 
tetracycline and sulfamethoxazole/trimethoprim. The 
34-MDa plasmid, on the other hand, is identical to a 
plasmid of the same size previously identified in S. 
enteritidis. 
Work is in progress to further elucidate the origin 
of the R plasmids of Salmonella spp. 
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